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Abstract
We show that in IIB string theory and for D1D5p black holes in ten
dimensions the method of entropy function works. Despite the more compli-
cated Wald formula for the entropy of D1D5p black holes in ten dimensions,
their entropy is given by entropy function at its extremum point. We use
this method for computing the entropy of the system both at the level of
supergravity and for its higher order α′3R4 corrections.
1 Introduction
Black holes in string theory can be constructed out of various D-brane configura-
tions. This is a well known result that the entropy of these black holes can be
computed from the Wald formula [1], [2]. Further more it has been shown that this
entropy is in exact agreement with counting the degeneracy of the microstates of
such a configurations [3], [4]. For example recently new developments in the context
of electrically charged heterotic black holes in four dimensions has been occurred
(see [5]).
Sen has been shown that that for a specific class of black holes, entropy is given
by an entropy function at its extremum point [6]. This method can be summarized
into a few steps:
1. Consider an extremal charged black hole with near horizon geometry AdS2×
Sd−2 with constant radii vi. The assumption is that this background is a solution
to the equations of motion for a specific action. In this action gravity is coupled to
a set of electric and magnetic fields and some neutral scalar fields us.
2. Introducing a function which is the integral of Lagrangian density over the
horizon Sd−2. This is a function of vi and us, the scalars of the theory, and electric
and magnetic field strengths (ei, pi).
3. Perform the Legendre transformation of this function with respect to electric
field strengths ei and extremize it with respect to the scalars vi and us. This function
(entropy function) at its extremum point is proportional to the entropy of black hole.
In fact, this is a useful method for computing the entropy from the Wald for-
mula. In addition, one can easily find the corrections to the entropy function.
These properties suggest that one try to develop this method for other backgrounds
and specially find a generalization for entropy function. The very simple nature of
computations makes it possible to study easily the higher derivative corrections to
entropy and also corrections to background at near horizon (see [7] for more recent
papers). In this paper we decided to show that in the context of IIB string theory
in ten dimensions and for special case of D1D5p black holes this method works.
The near horizon geometry of D1D5p is M3 × S3 × T 4 where M3 is deformed
(boosted) AdS3 geometry. In this system D1-branes play the role of sources for
electric fields and D5-branes behave as sources for magnetic fields. Because of
special form of this geometry and specially the existence of an off diagonal term in
the metric finding the entropy from Wald formula is somehow seems complicated
specially when higher derivative corrections take into the account. But it is possible
to show that by reducing IIB action from ten dimensions over S1 × T 4 to five
dimensions the background is simplifying to AdS2 × S3 and we can use the entropy
function method for it, although finding the reduced Lagrangian for higher order
correction may not be so simple.
Despite this fact, we are interested to know how this mechanism works in more
complicated backgrounds in ten dimension. In addition we are interested to know the
higher derivative corrections to entropy of these black holes. These are α′ corrections
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for low energy effective action of IIB theory where come from string three level
scattering amplitude computations. In the case of IIB theory these corrections are
of the order α′3R4 [10]. Although there are some ambiguities in the effective action
due to field redefinitions but we will show that, the final result is independent of
these ambiguities.
In what follows we will show that despite the complicated form of Wald formula,
the entropy of this system in a nontrivial way is given by entropy function, which is
the Legendre transform with respect to electric field strength, from the integral of
IIB action over the horizon. This suggests that the property of existence of entropy
function is inherited when we reduce the background specially when the reduced
geometry is AdS2 × Sd−2.
The organization of this paper is as follows. In section two we briefly introduce
D1D5p black holes as a solution for IIB supergravity equations of motion. In section
three starting from the reduced action IIB/S1×T 4 we review the method of entropy
function for D1D5p black holes in five dimensions. In section four we present a
systematic way similar to the Sen’s method for finding the entropy function for this
special case of black holes in ten dimensions. Finally we compute α′ corrections to
the entropy for D1D5p by using the corrected entropy function. In last section we
discuss about the method the results.
2 D1D5p black holes in IIB supergravity
Before starting to compute the entropy function for D1D5p black hole let’s review
this system as a solution to the equations of motion for IIB supergravity. We Begin
from IIB supergravity action in string frame
SIIB =
1
16πGD
∫
dDx
√
−g
{
e−2φ(R + 4∂µφ∂
µφ)− 1
2
∑
n
1
n!
F 2n
}
, (2.1)
where we have just turned on the RR charges. The equations of motion are
Rµν + 4∂µφ∂νφ = e
2φ
∑
n
1
2n!
(nFµα2...αnFν
α2...αn − n− 1
D − 2gµνF
2
n)
1√−g∂µ(
√
−ge−2φgµν∂νφ) = −
1
4
∑
n
n−D/2
2n!(1−D/2)F
2
n
∂µ(
√−g
n!
F µα2...αn) = 0 . (2.2)
One can construct this system by considering the N1 number of D1-branes
wrapped along the compact direction y (a circle with radius R), the N5 number
of D5-branes wrapped along the y direction and a four-torus T 4 where its coordi-
nates are labeled by zi and its volume is V4. In addition we have p = Np/R units of
2
KK momentum along the y direction in order to have a black hole with finite size
area of the horizon. Then the solution to the equations of motion in (2.2) is
ds2 = (f1f5)
−
1
2
(
− dt2 + dy2 + k(dt− dy)2
)
+ (f1f5)
1
2
(
dr2 + r2dΩ23
)
+ (
f1
f5
)
1
2
(
dz2i
)
,
e−2φ =
f5
f1
, C
(2)
ty = (
1
f1
− 1) , C(6)tyz1...z4 = (
1
f5
− 1) , (2.3)
with three harmonic functions
f1 = 1 +
Q1
r2
, f5 = 1 +
Q5
r2
, k =
Qp
r2
, (2.4)
where Q1, Q5 and Qp are constants of integration an are related to the number of
D-branes and KK momentum via
N1 =
1
16πG10T1
∫
S3×T 4
∗(F (3)tyr ) =
VT 4Q1
16π4α′3gs
,
N5 =
1
16πG10T5
∫
S3
F
(3)
θφψ =
Q5
gsα′
,
Np = pR =
VT 4R
2Qp
16π4g2sα
′4
, (2.5)
and p is the total ADM momentum in the y direction and can be computed as the
Noether charge of the gauge field corresponding to the off diagonal component gty.
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It is possible to assume that D5-branes are sources of magnetic fields. There-
fore, it is enough to just consider a three form field strength with non vanishing
components
F
(3)
tyr =
2r
Q1
, F
(3)
θφψ = 2Q5 sin
2 θ sinφ . (2.6)
In what follows we use this formalism for computing the entropy of D1D5p black
holes.
3 Entropy function of D1D5p black hole at d=5
The entropy function formalism is a useful tool for computing the entropy of black
holes with near horizon AdS2 × Sd−2 [6]. Using this fact which the near horizon
geometry of D1D5p black holes in d = 5 is AdS2 × S3 we use this formalism for
computing the entropy of D1D5p black holes.
1Here we have considered 16piG10 = (2pi)
7α′4g2
s
and Tp = 2pi/(2piα
′
1
2 )p+1gs.
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We start with IIB supergravity in ten dimensions and compactify it on S1× T 4.
This action in string frame is (see e.g. [8])
S5 =
1
2κ25
∫
d5x
√
−g(5)e2ψ+
ψ1
2
(
e−2φR(5) − 1
12
H23 −
1
4
e−ψ1F 22 −
1
4
e−2φ+ψ1C22
+ e−2φ[2∂µψ∂
µψ1 − 2∂µφ∂µψ1 − 8∂µφ∂µψ + 4∂µφ∂µφ+ 3∂µψ∂µψ]
)
, (3.1)
where 2κ25 = 2πRV4/16πG10 is the five dimensional effective coupling. In the above
relation ψ and ψ1 are single moduli for T
4 and S1. H3 is a three form magnetic field
strength. F2 is a two form electric field strength coming from compactifying the ten
dimensional 3-form field strength and C2 is a two form field strength for the gauge
field corresponding to KK momentum around the y direction.
The solution for the metric from equations of motion for this action is (see e.g. [9])
ds25 = −
(f1f5)
−
1
2
1 + k
dt2 + (f1f5)
1
2
(
dr2 + r2dΩ23
)
, (3.2)
where again we have the previous harmonic functions
f1 = 1 +Q1/r
2 , f5 = 1 +Q5/r
2 , k = Qp/r
2 , (3.3)
and also the same relations for constants of integration and number of D-branes
N1 =
VT 4Q1
16π4α′3gs
, N5 =
Q5
gsα′
, Np =
VT 4R
2Qp
16π4g2sα
′4
. (3.4)
The near horizon limit of the background (3.2) is AdS2 × S3, so there must be
an entropy function where its extremum value gives the entropy of the black hole.
To see this we start from (3.2) and deform its near horizon geometry to
ds25 = v1
(
− 1
Qp
√
Q1Q5
r4dt2 +
√
Q1Q5
dr2
r2
)
+ v2
(√
Q1Q5dΩ
2
3
)
, (3.5)
with the following properties for the Riemann tensor components
Rabcd =
4
v1
√
Q1Q5
(gacgbd − gadgbc) , a, b, c, d = r, t,
Rijkl = −
1
v2
√
Q1Q5
(gikgjl − gilgjk) , i, j, k, l = θ, φ, ψ . (3.6)
Because the horizon is a three sphere sitting at r = 0, the form of metric indicates
the following result for the Wald formula
SBH = −8π
∫
dxH
√
gH
∂L
∂Rtrtr
gttgrr . (3.7)
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Now we introduce f as integral of density Lagrangian over the horizon
f =
1
2κ25
∫
dxH
√
−gL , (3.8)
and rescale Rtrtr component of the Riemann tensor in the Lagrangian density (f)
by a factor of λ. Then the entropy can be written as
SBH = −
π
2r
√
Q1Q5Qp
∂f
∂λ
∣∣∣∣
λ=1
. (3.9)
It is not hard to show that (see more details in the next section)
∂f
∂λ
∣∣∣∣
λ=1
= 4
∫
dxH
√
−gRtrtr
∂L
∂Rtrtr
= f − ei
∂f
∂ei
. (3.10)
Finally we find the relation between entropy S and the entropy function F or Leg-
endre transform of f with respect to the electric field strengths e1 and e2
SBH = −
π
2r
√
Q1Q5Qp(f − ei
∂f
∂ei
) =
π
2r
√
Q1Q5QpF , (3.11)
It remains to compute F . For doing this, in addition the following values for form
fields we assume that all the scalars in the theory give a constant value near the
horizon i.e.
e−2φ = us , e
ψ1
2 = u1 , e
2ψ = u2 ,
Hθφψ = p sin
2 θ sin φ , Ftr = e1 , Ctr = e2 . (3.12)
Then the entropy function F will be
F =
4π3RV4
16πG10
r(Q1Q5)
3
4Q
−
1
2
p v1v
3
2
2 u2
{
2
u1us
(Q1Q5)
1
2
4v2 − 3v1
v1v2
+
1
2
u1p
2
(Q1Q5)
3
2
1
v32
+
1
2
(
e21
u1
+ e22u
3
1us)
Qp
v21r
2
}
. (3.13)
The equations of motion for metric and scalars now is translating to extremizing of
the entropy function with respect to scalars uk and vi
∂F
∂uk
= 0 , k = 1, 2, s ,
∂F
∂vi
= 0 , i = 1, 2 . (3.14)
In addition to these equations there are equations of motion and Bianchi identities
for the gauge fields which translate to qi = ∂f/∂ei where qi stands for the electric
5
charges. This last type of equations of motion can be viewed from another point.
In order to have the relations in (3.4) we need the following results
p = 2Q5 , e1 = 2r
u1
u2
v1
v
3
2
2
(
Q1
Q2pQ
3
5
)
1
4 , e2 = 2r
1
u31u2us
v1
v
3
2
2
Q
1
2
p
(Q1Q5)
3
4
. (3.15)
Finally the solution to the equations of motion gives
v1 = v2 = v , us =
Q5
Q1
1
v2
, u21 =
Qp√
Q1Q5
v , u2 =
Q1
Q5
,
e1 = 2r
1
Q1
, e2 = 2r
1
Qp
, (3.16)
We do not need here to know the value of v because by putting back all these values
to the entropy function, it will be independent of the value v. Any way in the metric
it is just an overall factor and can be set equal to one. We finally find the famous
result for entropy of five dimensional D1D5p black holes
SBH = 2π
√
N1N5Np . (3.17)
This result has been found with different methods either by direct computing the
area of the horizon or by counting the number of degeneracy of the microstates.
4 Entropy function of D1D5p at d=10
In this section we want to find the entropy function of D1D5p black holes in d = 10.
Although as we saw in the previous section that this computation is simple in d = 5
because of simple near horizon geometry AdS2 × S3 but here we will show that
for more general near horizon metrics other than AdS2 × Sd−2 that the method
of Sen works. We will show this in the leading and next leading order of α′ low
energy effective Lagrangian for IIB string theory, but it seems that this is a general
properties of all corrected Lagrangians coming from string theory.
4.1 Entropy function at leading order
Now we start from ten dimensional metric and modify the near horizon geometry
of D1D5p system to the following form
ds2 = v1
(
Qp − r2√
Q1Q5
dt2 +
√
Q1Q5
dr2
r2
+
Qp + r
2
√
Q1Q5
dy2 − 2 Qp√
Q1Q5
dtdy
)
+ v2
(√
Q1Q5dΩ
2
3 +
√
Q1
Q5
dz2i
)
. (4.1)
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One can see from this metric that in the case where Qp = 0 the geometry is AdS3×
S3 × T 4, for the above case the horizon is S1 × S3 × T 4 and sits at r = 0. Another
important property of this deformed metric is the following relations for the Riemann
tensor components
Rabcd =
1
v1
√
Q1Q5
(gacgbd − gadgbc) , a, b, c, d = t, y, r ,
Rijkl = −
1
v2
√
Q1Q5
(gikgjl − gilgjk) , i, j, k, l = θ, φ, ψ . (4.2)
Now we assume that dilaton keeps a constant value. Also consider D1-branes as
electric field sources and D5-branes as magnetic field sources with the following
values for their field strength components
e−2φ = us , F
(3)
tyr = e1 , F
(3)
θφψ = p1 . (4.3)
Because the geometry has been deformed we need again to compute the relation
between number of D-branes, Ni with constants of integrations, Qi and also the
ADM momentum in the y direction. But we are not changing our configuration of
D-branes and KK momentum so we keep equation (2.5) and just change the values
of us, e1 and p1 as
us =
1
v
1
2
1 v
7
2
2
Q5
Q1
, e1 =
2r
Q1
v
3
2
1
v
7
2
2
, p1 = 2Q5 sin
2 θ sinφ . (4.4)
This is similar to what we have done in previous section as an alternative for equa-
tions of motion and Bianchi identities for gauge fields.
In order to compute the entropy function we need to know the Wald formula
for this new background. The metric in (4.1) has an off diagonal component that
makes the Wald formula much more complicated to compute. The general form of
Wald formula for entropy is [2]
SBH = −4π
∫
H
dxH
√
gH
∂L
∂Rµνλρ
g⊥µλg
⊥
νρ , (4.5)
where g⊥µν denotes the projection onto subspace orthogonal to the horizon. For our
case the nonzero components of the orthogonal metric will be (see appendix A)
g⊥tt = −
(r2 −Qp)v1√
Q1Q5
, g⊥rr =
√
Q1Q5v1
r2
,
g⊥yy = −
Q2pv1√
Q1Q5(r2 −Qp)
, g⊥ty = −
Qpv1√
Q1Q5
, (4.6)
and the Riemann tensor components that enter in the computation of the entropy
are
Rtrtr = −
v1(r
2 −Qp)√
Q1Q5r2
, Rtyty = −
v1r
4
(Q1Q5)3/2
,
7
Ryryr =
v1(r
2 +Qp)√
Q1Q5r2
, Rtryr = −
Qpv1√
Q1Q5r2
, (4.7)
knowing the above relations we can replace the orthonormal metric with Riemann
tensors in the Wald formula (4.5) and rewrite the entropy as
S =
4∑
i=1
Si ,
S1 = −8πv1
√
Q1Q5
∫
H
dxH
√
gH
∂L
∂Rrtrt
Rrtrt ,
S2 = 8πv1
√
Q1Q5
Q2p
r4 −Q2p
∫
H
dxH
√
gH
∂L
∂Rryry
Rryry ,
S3 = −16πv1
√
Q1Q5
∫
H
dxH
√
gH
∂L
∂Rtryr
Rtryr ,
S4 = −8π
∫
H
dxH
√
gH
∂L
∂Rtyty
(g⊥ttg
⊥
yy − (g⊥ty)2) = 0 . (4.8)
We again introduce function f as integral of Lagrangian density over the horizon
f =
∫
H
dxH
√
−gL , (4.9)
and rescale the Riemann tensor components in (4.7). Notice that although the S4
is zero but for the future considerations we need to rescale the Rtyty component as
well
Rrtrt → λ1Rrtrt , Rryry → λ2Rryry , Rtryr → λ3Rtryr , Rtyty → λ4Rtyty . (4.10)
The rescaled Lagrangian behaves as ∂Lλ/∂λi = R
(i)
µνλρ∂Lλ/∂R
(i)
µνλρ with no summa-
tion on the right hand side for i (i = 1, 2, 3, 4).
Using the relation
√
gH =
√−gv−11 (1 +Qp/r2)1/2 we find the following equation
for the rescaled function fλ
∂fλi
∂λi
∣∣∣∣
λi=1
= v1(1 +
Qp
r2
)−1/2
∫
H
dxH
√
gHR
(i)
µνλρ
∂L
∂R
(i)
µνλρ
, (4.11)
replacing this relation into the entropy formula (4.8) we find
S = −2π
√
Q1Q5(1 +
Qp
r2
)
{
∂fλ1
∂λ1
−
Q2p
r4 −Q2p
∂fλ2
∂λ2
+
∂fλ3
∂λ3
}
λ1=λ2=λ3=1
. (4.12)
Looking to the equation (4.7) shows that the Riemann tensor components are divided
in to two parts. All the components in the first part are proportional to v1. In a
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general Lagrangian these Riemann tensors are contracting with those components
of the inverse metric which have r, t and y indices, where all are proportional to
v−11 , so in general we have the following behavior
λ1Rrtrtg
rrgtt ∼ λ1v−11 , λ2Rryrygrrgyy ∼ λ2v−11 ,
λ3Rtryrg
rrgty ∼ λ3v−11 , λ4Rtytygttgyy ∼ λ4v−11 , (4.13)
which means that everywhere in the Lagrangian for every λi there exist a v
−1
1 . In
addition the electric field strength enters as
√
grr(gttgyy − (gty)2)Ftyr ∼ e1v−11 but
the magnetic field contribution has not any dependence on v1. Also one can check
that all covariant derivatives of Riemann tensor and field strength are vanishing.
These facts help us to guess the behavior of fλ as a function of scalars, electric and
magnetic field strengths
fλ(us, v1, v2, e1, p1) = v
3
2
1 g(us, v2, λiv
−1
1 , e1v
−1
1 , p1) , (4.14)
where g is a general function. Simply one can show that
4∑
i=1
λi
∂fλ
∂λi
=
3
2
(fλ − e1
∂fλ
∂e1
)− v1
∂fλ
∂v1
. (4.15)
As we see although in (4.12) the derivative with respect to λ4 has not appeared but
by using the equations of motion we can write the entropy in (4.12) as
S = −2π
√
Q1Q5(1 +
Qp
r2
)
{
3
2
(f − e1
∂f
∂e1
)− ( ∂f
∂λ4
+
r4
r4 −Q2p
∂f
∂λ2
)
}
. (4.16)
which brings the λ4 into our game. In order to get ride of this complicated formula
we need some simplifying relations. It is possible to show that we have the following
relations
∂f
∂λ1
=
∂f
∂λ2
,
2
∂f
∂λ1
+
∂f
∂λ3
= 2
∂f
∂λ4
∂f
∂λ3
/
∂f
∂λ2
=
2Q2p
r4 −Q2p
, (4.17)
we have found this relation for supergravity action but they are also correct for the
next leading order of corrections for the Lagrangian. It seems that these relations
are general properties of Lagrangians in IIB theory (with symmetric background
metric). For example the first one can be understood from these fact that there is
a symmetry between indices t and y every where in the Lagrangian. Using above
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equations one can verify a very simple formula for entropy in terms of Legendre
transform of function f with respect to electric field strengths
S = π
√
Q1Q5(1 +
Qp
r2
)(e1
∂f
∂e1
− f) (4.18)
We can introduce entropy function F = e1
∂f
∂e1
− f and extremize it with respect to
scalar moduli
∂F
∂us
= 0 ,
∂F
∂vi
= 0 , i = 1, 2 . (4.19)
Inserting the values of metric, dilaton and the field strength into the entropy function
and integrating over the horizon S1 × S3 × T 4 gives
F =
4π3RV4
16πG10
rQ
3
2
1Q
−
1
2
5 v
3
2
1 v
7
2
2
[
6us(v2 − v1)
(Q1Q5)
1
2v1v2
+
Q
1
2
5
Q
3
2
1
(
2
v32
+
e21Q
2
1
2r2v31
)
]
. (4.20)
If one replace the values in (4.4) in to the entropy function and extremize it in terms
of v1 and v2, then the values of scalar moduli will be
v1 = v2 = 1 , us =
Q5
Q1
, (4.21)
inserting this values into F and using (2.5) we finally find the value for entropy as
before
S = 2π
√
N1N5Np , (4.22)
4.2 Entropy function at next leading order
In this subsection we try to compute the corrections to entropy function due to
α′ corrections coming from string theory three level scattering amplitude computa-
tions. We just proposed corrections to the gravity part of the Lagrangian but as we
mentioned in previous section all the covariant derivatives of Riemann tensor and
the field strengths are vanishing so it seems that there is not any other contribution
to our results. These corrections are [10]
Lcorr = γe
−2φ(L1 − 2L2 + λL3) ,
L1 = R
hmnkRpmnqRh
rspRqrsk +
1
2
RhkmnRpqmnRh
rspRqrsk ,
L2 = R
hk
(
1
2
RhnpkR
msqnRmsq
p +
1
4
RhpmnRk
pqsRqs
mn +RhmnpRkqs
pRnqsm
)
,
L3 = R
(
1
4
RhpmnR
hpqsRqs
mn +RhmnpR
h
qs
p
Rnqsm
)
, (4.23)
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where γ = 1
8
ζ(3)(α′)3. Here the coefficient λ is arbitrary due to the ambiguity in the
field redefinition of the metric. Additionally it is possible to go to another coordinate
system with vanishing Ricci tensor so that the Lagrangian L2 vanishes and in the
Lagrangian L1 every Riemann tensors are replaced by Weyl tensors. But for the
moment we consider all these three terms in our calculations.
The discussions of the previous subsection are valid here and all the steps is
satisfying for next leading order of computations. The only change is correction to
the entropy function. The corrected entropy function is
F =
4π3RV4
16πG10
rQ
3
2
1Q
−
1
2
5 v
3
2
1 v
7
2
2
[
6us(v2 − v1)
(Q1Q5)
1
2v1v2
+
Q
1
2
5
Q
3
2
1
(
2
v32
+
e21Q
2
1
2r2v31
)
+ 6γus
v41 + v
4
2 − 6λQ
1
2
5 (v
4
1 − v2v31 + v42 − v1v32)
v41v
4
2Q
2
1Q
2
5
]
, (4.24)
and the solutions to the equations of motion from extremizing the entropy function
are
v1 = 1 +
25
4
γ
(Q1Q5)
3
2
, v2 = 1 +
9
4
γ
(Q1Q5)
3
2
,
us =
Q5
Q1
(1− 11 γ
(Q1Q5)
3
2
) , e1 =
2r
Q1
(1 +
3
2
γ
(Q1Q5)
3
2
) , (4.25)
where as one see, obviously there is not any dependence on the parameter λ which
means that the entropy is independent of ambiguities. The corrected form of entropy
now becomes
S = 2π
√
N1N5Np
(
1 + 3γ(
(2π)3V4
16πG10N1N5
)
3
2
)
, (4.26)
one can see from this answer that the corrected entropy is symmetric under changing
N1 and N5 and also it is related to other parameters, the volume of four-torus and
ten dimensional effective coupling.
5 Discussion
In section 3 we see that by starting from the reduced action IIB/S1 × T 4 we can
find the entropy function for 3-charged D1D5p black holes with steps similar to [6].
In our case, the orthogonal geometry to the horizon is AdS2 space and horizon is a
three sphere. In five dimensional reduced action, gravity is coupled to a three form
magnetic field strength related to the presence of D5-branes. It is also coupled to
two electric field strengths, one is originated from the existence of D1-branes and
the other is a gauge field corresponding to KK momentum. The entropy function
is the Legendre transform of function f , the integral of density Lagrangian over the
horizon, with respect to these two electric field strengths. The difference here is
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the coefficient of proportionality between entropy and entropy function which in the
case [6] is 2π and in our case is
S =
π
2r
√
Q1Q5QpF (5.1)
which obviously depends on the form metric which we start with. By extremizing
the entropy function we find that all the scalars in the theory gives a constant value.
Putting back these values to the entropy function gives the well known entropy
relation for D1D5p black holes
SD1D5p = 2π
√
N1N5Np . (5.2)
These results has been found with different methods either by direct computing the
area of the horizon or by counting the number of degeneracy of the microstates.
In section four, we look to the problem from ten dimensional point of view. We
consider the near horizon geometry of D1D5p black holes. This geometry has two
parts, first one, M3 is a boosted AdS3 space and second one is S
3 × T 4. We deform
this geometry by choosing arbitrary constant values for radii of both spaces. These
are two scalars of the theory that must be found from extremizing the entropy
function. The other scalar of the theory is dilaton. In addition we have an electric
and magnetic fields due to the presence of D1 and D5-branes as before. The form
of M3 makes a complicated Wald formula which depends on the projected metric
onto subspace orthogonal to the horizon (S1×S3×T 4). Using the previous method
for finding the entropy function and some useful relations (4.17) we find again the
relation between entropy and entropy function in ten dimensions
S = π
√
Q1Q5(1 +
Qp
r2
)F. (5.3)
One can show that for the next leading order of corrections to IIB effective action
which are α′3R4 type corrections this relation is very useful and gives very easily
correction to the entropy. The point here is that the equation (4.17) is valid also
in this level of computations. Therefore this suggests that it could be a general
property of all terms in the action of IIB (with a symmetric background metric).
The extremization of entropy function with respect to scalars gives a set of com-
plicated equations which can be solve perturbatively in terms of α′3. The correction
to entropy of D1D5p then will be
S = 2π
√
N1N5Np
(
1 + 3γ(
(2π)3V4
16πG10N1N5
)
3
2
)
. (5.4)
It is also worth to find this correction from the five dimensional point of view by
reducing the corrections to effective Lagrangian of IIB on S1×T 4. If we just look at
gravitational terms from these reduction we can see the same behavior (functionality
in terms of N1 and N5). The correct coefficient can be found by considering all the
reduced parts of the Lagrangian.
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A Orthogonal metric to horizon
In order to find the orthogonal metric to horizon we need to know the unit normal
and tangent vectors to the horizon. Choosing
Nt = (A, 0, B,~0) , Nr = (0, E, 0,~0) , Ty = (C, 0, D,~0) , (A.1)
where we have considered the coordinates as t, r, y and vector is denoted for coordi-
nates in S3 × T 4. For the general form of the metric
ds2 = gttdt
2 + gyydy
2 + gtydtdy + grrdr
2 + d~x2 , (A.2)
the normal and tangent vectors to horizon at S1 × S3 × T 4 will be
Nt =
√
gyy
gttgyy − (gty)2 (1, 0,−
gyt
gyy
,~0) , Nr = (0,
1√
grr
, 0,~0) ,
Ty = (0, 0,
1√
gyy
,~0) , (A.3)
using the definition of orthogonal metric
g⊥µν = (Nt)µ(Nt)ν + (Nr)µ(Nr)ν , (A.4)
we find the following values for the orthonormal metric to the horizon of D1D5p
black hole as
g⊥tt = −
(r2 −Qp)v1√
Q1Q5
, g⊥rr =
√
Q1Q5v1
r2
,
g⊥yy = −
Q2pv1√
Q1Q5(r2 −Qp)
, g⊥ty = −
Qpv1√
Q1Q5
. (A.5)
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